To evaluate the ability to diagnose and identify the morphologic features of choroidal neovascular membranes by optical coherence tomography angiography.
Introduction
Choroidal neovascular membrane is a common cause of vision loss. Its treatment requires accurate diagnosis, localization, and determination of activity. The initial tool used for the diagnosis of Choroidal neovascularization (CNV) was invasive angiography using fluorescent dyes.
Fluorescein angiography (FA) is an invasive method which has been considered the gold standard for imaging the retinal vasculature [1, 2] .
It is ideal for the detection of classic choroidal neovascular membranes, but this is not the same in the diagnosis of occult CNV due to the blue-green excitation wavelength that is partially absorbed by different pigments [3] .
Indocyanine green dye uses near-infrared excitation light with more penetration of pigment and the dye remains inside blood vessels with better delineation of CNV. However, it is not depth resolved [4] .
With the introduction of spectral domain OCT, the acquisition time decreased with marked improvement of image resolution. So, it was possible to obtain clinically useful cross-sectional and threedimensional images of retinal layers [5, 6] .
Regarding the diagnosis of CNV, OCT gives information about indirect signs of activity as fluid and altered anatomy of the retina which is of great prognostic value but does not differentiate the membrane from other lesions having the same reflectivity as the fibrous tissue. So, FA and
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indocyanine green angiography (ICGA) are still needed despite their risk [7] . OCT is limited by its inability to visualize and provide functional information about retinal microcirculation [8] .
Therefore, it was highly needed to develop a noninvasive method to diagnose CNV [8] .
Optical coherence tomography angiography (OCTA) utilizes flow characters within the circulation to give noninvasive images of the vascular network [9] . With OCTA, it is possible to study the spatial relation between vasculature with greater accuracy than invasive techniques [10] .
This study was carried out to evaluate the ability to diagnose and identify the morphologic features of choroidal neovascular membranes by optical coherence tomography angiography and correlate the results with other conventional imaging modalities including FA and OCT B-scans.
Patients and methods
This study was approved by the Institutional Research Board of Faculty of Medicine, Mansoura University.
A written consent was obtained from each patient enrolled in the study.
This prospective, observational study included patients with choroidal neovascular membrane of different etiologies.
For all patients, history taking and ophthalmic examination were done.
Imaging of the fundus was done by FA (except in two cases with a history of severe drug allergy) and spectral domain optical coherence tomography.
Swept source optical coherence tomography angiography (SS-OCTA) was done using the SS-OCT device (Triton; Topcon, Tokyo, Japan). 
Results
This study included 23 eyes of 23 patients, 17 women and six men. Their age ranged between 25 and 66 years (mean age was 46±0.4).
Seven eyes had age-related choroidal neovascular membrane and 16 eyes had myopic choroidal neovascular membrane.
All cases that underwent FA had classic choroidal neovascular membrane.
Activity was evident in 20 cases with dye leakage in FA and fluid accumulation in spectral domain OCT, while in the other three cases, no active dye leakage was present in FA in one of them with minimal fluid in structural OCT. The other two cases in whom FA was contraindicated, structural OCT showed minimal intraretinal fluid in one case and absent intraretinal fluid in the other case.
The results were correlated with OCTA.
Regarding cases with evident activity in fundus fluorescein angiography (FFA) and OCT, in two cases the neovascular network was evident above retinal pigment epithelium (RPE) with glomerular appearance.
In 18 cases, densely interlaced network with hyperintense vessels was evident, the feeder vessel was evident in one case.
In the three cases without evident activity in other imaging modalities, the membrane appeared as tangled network with filamentous vessels and loss of small branches.
Case presentation
Case number 1 Discussion Choroidal neovascular membrane is a common cause of vision loss. Its treatment requires accurate diagnosis, localization, and determination of activity. The initial tool used for the diagnosis of CNV was invasive angiography using fluorescent dyes.
Intravenous dyes have risks ranging from nausea to, in rare cases, anaphylaxis. Invasive techniques are inappropriate for screening. In addition, the technique is time consuming and not suitable in a busy clinical setting [11] .
Fluorescein and indocyanine green angiography are two-dimensional dynamic studies which can detect vascular alterations and vascular leakage. However, they cannot determine the precise margin and anteroposterior location of pathological blood vessels because leakage obscures the vascular details and because these examinations cannot study images in different planes [12] .
For these reasons, a noninvasive imaging technique to detect rapidly and to monitor CNV without the use of intravenous dye is desirable. OCT is a noninvasive tool for detection of CNV which appears as a hyperreflective material [7] .
Spectral domain OCT gives high axial resolution, rapid acquisition time, and excellent penetration of the RPE and choroid, and thus provides invaluable clinical information about retinal thickness, photoreceptor integrity, and response to therapy. However, it cannot differentiate between fibrous and vascular tissues [12] .
OCTA allows noninvasive visualization of the retinal and choroidal vasculature via motion contrast imaging. There are some limitations of OCTA. One of the main limitations is artifacts including flow projection artifacts which makes interpretation of deeper vasculature more difficult. These artifacts are the results of fluctuating shadow cast by blood in superficial vascular layers that cause variation in OCT signal in deeper layers. The projection artifacts of the retinal circulation can be seen clearly on the bright RPE. This artifact can be removed by software processing [14] .
However, the choriocapillaris is fairly confluent and its projection and shadow artifacts are difficult to remove from deeper choroidal layers [14] .
A second limitation of OCTA is fading of flow signal from large blood vessels due to the interferometric fringe washout effect associated with very fast blood flow. This means that central retinal vessels in the disk and large deep choroidal vessels cannot be visualized [15] . Also, because OCTA depends on the change between two consecutive B-scans, it detects the flow which is higher than the minimal threshold, which depends on the time between the two sequential scans, slower flow lesions cannot be visualized [13] .
Third, the scan area of OCTA is relatively small (3/3 and 6/6 mm) which is a great limitation in practice. Large area angiogram of high quality can be achieved but needs higher speed OCT systems which are not yet commercially available [16] .
In the future, larger fields of view will be essential to evaluate peripheral lesions with unknown pathologies [13] .
Spectral domain optical coherence tomography (SD-OCTA) utilizes 840 nm wavelenghth which is heavily scattered and absorbed by RPE which can affect visualization of CNV while SS-OCTA utilizes a wavelength of around 1000-1200 nm with better penetration of RPE and better visualization of the choroid. This wavelength is also safer for the eye and more laser power can be used to obtain images with improved detection of weak signals from the deep choroid [17] .
Compared with the conventional dye-based angiography techniques, OCTA is rapid, noninvasive, and can be used in every patient visit and is helpful in longitudinal studies. Also, it allows depth-resolved visualization of choroidal and retinal vasculature. Lack of dye leakage allows the study of CNV morphology [18] .
OCTA can help identify the morphologic features of active and inactive membranes.
De Carlo et al.
[13] compared different imaging modalities in diagnosing choroidal neovascular membrane and noted that the neovascular network with long wavy vessels and sea fan appearance was associated with activity while filamentous vessels were associated with inactivity. They reported four false-negative cases, three of them were associated with large subretinal hemorrhage and supposed that this is the cause of failure of visualization of the CNV with OCTA due to the blocking effect of hemorrhage and assumed that the fourth case was due to unexperienced photographer. Bandello et al. [19] described the CNV in OCTA as interlacing or tangled. Interlacing appearance was associated with activity while tangled appearance with loss of small branches was associated with inactivity.
Lumbroso et al. [20] reported that the results obtained by OCTA were comparable with invasive angiography.
In this study, OCTA was able to detect all cases of CNV and allowed the study of morphological features and correlated them well with activity. The active membranes were associated with dye leakage in FA intraretinal fluid in OCT, appeared in OCTA as a network of interlacing wavy vessels and numerous small branches in 18 cases and appeared glomerular in two cases, while in the three cases with minimal or no fluid in structural OCT, the vascular network appeared tangled with filamentous vessels and loss of small branches. Moreover, OCTA was of utmost importance in patients for whom fluorescein injection was contraindicated due to a history of severe allergy to multiple drugs.
One of the limitations of this study was the small number of patients and lack of control group.
Conclusion
OCT angiography is a noninvasive, safe imaging tool for the diagnosis of choroidal neovascular membranes which gives information about accurate size and localization of the membrane. It is not an expensive and rapid method that can be used for diagnosis, screening patients at risk, differentiate between active and inactive membranes, and follow-up of treatment.
A larger study is needed to evaluate sensitivity and specificity of OCTA in CNV and determine whether it can totally replace dye angiography in the diagnosis and follow-up.
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